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(57) ABSTRACT

A reactor coil includes first and second coil elements each
formed by edgewise and rectangular winding of one piece of
rectangular wire rod 1n a manner 1n which the wound rectan-
gular wire rod 1s stacked rectangularly and cylindrically and,

at a winding terminating end point of the first coil element, the
rectangular wire rod 1s bent approximately 90 degrees 1n a
direction opposite to the winding direction of the first coil
clement so that the rectangular wire rod 1s stacked 1n a direc-
tion opposite to the stacking direction of the first coil element
and 1s wound edgewisely and rectangularly 1 a direction
opposite to the winding direction of the first coil element to
form the second coil element and, as a result, the first coil
clement and second coil element are aligned 1n parallel to
cach other 1n a continuous state.

8 Claims, 10 Drawing Sheets
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1
METHOD FOR FORMING COIL

BACKGROUND OF THE INVENTION

1. Technical Field

The present mvention relates to a coil to be used as an
clectronic component and a method for forming the coil and
more particularly to the coil suitably used as a coil of areactor
and the method for forming the coil.

2. Description of Related Art

In general, a reactor has, for example, a winding and a core
made of a magnetic substance and the winding 1s wound
around the core to make up the coil of the reactor, which
enables inductance to be obtained. Conventionally, the reac-
tor 1s used 1n a voltage boosting circuit, inverter circuit, active
filter circuit, or the like, and, in many cases, such the reactor
has a structure 1n which the core and the coil wound around
the core are housed, together with other insulating members
or the like 1n a case made of metal or the like (see, for example,
Patent Reference 1).

For a reactor to be used 1in a vehicle-mounted voltage
boosting circuit, a coil 1s used which has a structure 1n which
two single-coil elements each having a predetermined wind-
ing diameter and the number of windings that can provide a
high inductance value 1n a high current region are formed in
parallel to each other and are coupled (connected) to each
other so that the directions of currents flowing through both
the coils are reversed to one another.

The first conventional example of such the coil has a struc-
ture 1n which each of the two single-coil elements described
above1s formed by individual winding and the two single-coil
clements are connected to each other by performing welding
on an end portion on the coupling side of the windings via
communicating terminals (see, for example, Patent Refer-
ence 2).

The second conventional example of such the coil has a
structure 1n which two single-coil elements placed in parallel
to each other and wound in the same direction are formed by
edgewise winding using one piece of rectangular wire rod and
the resulting coil 1s housed within the outside shape formed
by end surfaces of both the coil elements by folding, 1n half,
the coupling portion of the rectangular wire rod lying
between the above two single-coil elements connected to
cach other along a width direction orthogonal to a longitudi-
nal direction (see, above Patent Reference 2).

Patent Reference 1: Japanese Patent Application Laid-open

No. 2003-124039
Patent Reference 2: Japanese Patent No. 37377461

SUMMARY OF THE INVENTION

However, 1n the first conventional coil described above, the
windings to form both the coil elements are coupled via the
communicating terminal and, therefore, as described 1n the
above Patent Reference 2, the communicating terminal and
the end portion on the coupling side of each of the windings
protrude outside from the external shape formed by end sur-
faces of both the coil elements, resulting in an increase 1n
space occupied by the coil and, when the coil 1s to be housed
in the case described above, 1n particular, the case becomes
the larger 1n size, thus causing an entire reactor to become
large 1n size.

Moreover, in the above first conventional example of the
coll, processes are further required 1n which coatings on each
of the windings and on the end portion on the coupling side of
cach of the windings are peeled for the connection of both the
coil elements and the communicating terminal and, after that,
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welding 1s to be performed on these portions, as a result,
causing the manufacturing steps of the coil to be very com-
plicated. Furthermore, i the above first conventional
example, the two coil elements each being made up of the
individual winding are connected electrically to each other by
performing the welding via the communicating terminal and,
therefore, 1t 1s unavoidable that reliability 1n the welded por-
tions becomes a problem and still another problem arises that
variations occur in electrical characteristics depending on
how the welding 1s performed.

Incidentally, since approximately ring-like cores, for
example, are mserted into the two coil elements making up a
reactor, high accurate arrangement of the two coils 1s
required. However, 1n the case of the first conventional
example of the coil, the end portions on the coupling side of
the two coil elements are coupled via the communicating
terminal to each other and, therefore, variations occur readily
in the arrangement of the two coil elements, which causes the
insertion of the core to become 1mpossible, 1n some cases.

On the other hand, in the second conventional coil
described above, the two coil elements are formed by using
the same winding and, therefore, the communicating terminal
1s not necessary, which makes 1t to easily house the coupling
portion within the outside shape formed by end surfaces of
both the coil elements. However, the coupling portion 1s
formed on the end portion side of both the coil elements 1n a
manner in which the coupling portions 1s folded 1n half and, as
a result, the folded portion unavoidably protrudes on the end
portion side of both the coil elements, thus causing an
increase i space occupied by the coil 1n a manner to corre-
spond to the folded portion. In this case, there 1s a fear that, 11
thickness of the folded portion 1s made to be reduced, elec-
trical characteristics of the winding, that 1s, of the coil are
alfected by curvature of the folded portion being made very
small. Also, 1t cannot be denied that there 1s a possibility that
variations occur in electrical characteristics depending on
how the coupling portion 1s folded. Furthermore, though the
process of performing the welding between both the coil
clements and the communicating terminal 1s made unneces-
sary, the above-described additional step of folding the cou-
pling portion 1s required, which presents another problem that
the manufacturing processes become complicated.

The first object of the present invention 1s to provide tech-
nology capable of reducing the space occupied by a coil

serving as a component of a reactor as much as possible to
achieve further mimaturization of the reactor.

The second object of the present invention 1s to provide
technology for a coil made up of complicated coil elements
which 1s capable of eliminating variations in characteristics of
the coil and providing high reliability by negating the need for
processes ol performing welding and folding of coupling
portions among the coil elements.

The third object of the present invention 1s to provide
technology for a coil made up of the coil elements which 1s
capable of simplifying processes of manufacturing the coil by
negating the need for processes of performing welding and
folding of coupling portions among the coil elements.

The fourth object of the present invention 1s to provide
technology for a coil made up of the coil elements which 1s
capable of reliably inserting a core mnto each of the coil
clements by making the accuracy of arrangement of a plural-
ity of coil elements be high.

The mventor of the present invention has found a coil and
a method for forming the coil having a new configuration 1n
which a plurality of coil elements i1s formed so that the plu-
rality of coil elements are disposed on the same side in order
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to negate the need for folding-back of a coupling portion and
so that directions of currents tlowing through the plurality of
coil elements are reversed.

That 1s, to achieve the above first to third objects, a coil of
the present invention i1s formed by edgewise and rectangular
winding of one piece of rectangular wire rod 1n a manner in
which the wound rectangular wire rod i1s stacked rectangu-
larly and cylindrically 1n a manner in which, at least, a first
coil element and a second coil element are aligned 1n parallel
to each other 1n a continuous state and winding directions of
the rectangular wire rod are reversed to each other, which 1s
characterized 1n that, at a winding terminating end point of the
first coil element formed by edgewise and rectangular wind-
ing of the rectangular wire rod 1n a manner in which the
wound rectangular wire rod 1s stacked rectangularly and
cylindrically, the rectangular wire rod 1s bent approximately
90 degrees 1n a direction opposite to the winding direction of
the first coil element so that the rectangular wire rod 1s stacked
in a direction opposite to the stacking direction of the first coil
clement and 1s wound edgewisely and rectangularly 1n a
direction opposite to the winding direction of the first coil
clement to form a second coil element and, at a winding
terminating end point of the second coil element, the first coil
clement and second coil element are arranged 1n parallel to
cach other 1n a continuous state.

By configuring as above, a welding portion to couple coil
clements to one another and a folding portion are not required
and, therefore, space occupied by a coil as a component 1s
reduced as much as possible, which enables further miniatur-
1zation of a reactor or the like to be realized. Also, welding to
couple the coil elements to one another and/or folding-back to
align the coil elements 1n parallel are not required and, there-
fore, the coil being free of variations in characteristics and
having high reliability can be obtained. Further, the needs for
welding work and/or folding-back are negated and, therefore,
the manufacturing work can be simplified.

To achieve the above first to third objects, there 1s provided
a co1l forming method of the present invention for forming the
coil constructed by edgewise and rectangular winding of one
piece ol rectangular wire rod 1n a manner 1n which the wound
rectangular wire rod 1s stacked rectangularly and cylindri-
cally and, at least, a first coil element and a second coil
clement are aligned 1n parallel to each other in a continuous
state and winding directions of the rectangular wire rod are
reversed to each other, and for forming first and second coil
clements from one piece of rectangular wire rod using a first
winding head and a second winding head mounted apart by a
predetermined interval from the first winding head, the
method including:

a first rectangular wire rod feeding process of preparing a

rectangular wire rod having a length required for winding to
form the first coil element and second coil element and feed-
ing the rectangular wire rod from the second winding head
side to the first winding head side to set the rectangular wire
rod to the first winding head and to set an end portion of the
rectangular wire rod to a state of protruding from the first
winding head by a predetermined length;

a first coil element winding process of winding the rectan-
gular wire rod by using the first winding head until the num-
ber of windings of the first coil element reaches a specified
value to form the first coil element:

a second rectangular wire rod feeding process of feeding
the rectangular wire rod at an end of which the first coil
clement 1s formed again from the second winding head side to
the first winding head side;
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a first coil element forming process of setting the first coil
clement to a state of having a specified posture by bending the
entire first coil element approximately 90 degrees;

a third rectangular wire rod feeding process of feeding the
rectangular wire rod from the second winding head side fur-
ther to the first winding head to ensure a winding portion for
the second coil element; and

a second coil element winding process of winding the
rectangular wire rod by using the second winding head until
the number of windings of the first coil element reaches a
specified value to form the second coil element.

By configuring as above, the method for forming the coil
can be obtained by which the need for the welding to couple
the coil elements to each other and folding-back 1s negated
and, therefore, the space occupied by the coil as a component
can be reduced as much as possible, which enables the min-
1aturization of the reactor or the like and welding to couple the
coil elements to one another and/or folding-back to align the
coil elements in parallel are not required and, therefore, the
coil forming method being free of variations in characteristics
and having high reliability can be realized. Further, the needs
tor welding work and/or folding-back are negated and, there-
fore, the manufacturing work can be simplified.

Also, 1n the second rectangular wire rod feeding process,
the rectangular wire rod 1s fed excessively by a coil interval
length 1n order to ensure an interval between the first coil
clement and the second coil element.

By configuring as above, a predetermined coil interval
length between the first coil element and second coil element
can be readily ensured in advance and, therefore, variations 1n
the coil element between the first coil element and second coil
clement can be eliminated, which can enhance the reliability
of the formed coil. Also, the third rectangular wire rod feeding
process may include a process of cutting the rectangular wire
rod to push the rectangular wire rod out by a predetermined
length for cutting so that an end of the rectangular wire rod
formed by the cutting makes up an end portion of the second
coil element.

By configuring as above, the winding of the second coil
clement 1s made easy, whereby the manufacturing work can
be simplified.

On the other hand, to achieve the first to fourth objects,
there 1s provided a coil having, at least, a first coil element
formed by edgewise and rectangular winding of the rectan-
gular wire rod 1n a manner 1n which the wound rectangular
wire rod 1s stacked rectangularly and cylindrically and a
second coil element formed by edgewise and rectangular
winding of the rectangular wire rod 1n a direction opposite to
a stacking direction of the first coil element 1n a manner 1n
which the rectangular wire rod 1s stacked 1n a direction oppo-
site to the stacking direction of the first coil element at a
winding terminating end point of the first coil element, which
1s characterized in that the first coil element and the second
coil element are formed 1n parallel to each other 1n a continu-
ous manner at a winding terminating point of the second coil
clement by performing offset winding using the rectangular
wire rod based on an offset amount obtained by measuring a
positional relation between the second coil element and the
first coil element.

By configuring as above, the accumulation of wire rod
feeding errors occurring when each side of the second coil
clement during the winding process by offset winding can be
cancelled and, therefore, the arrangement of the first and
second coil elements can be made high accurate and the
approximately ring-like core can be reliably inserted in each
of the first and second coil elements. Moreover, a welding
portion to couple coil elements to one another and a folding
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portion are not required and, therefore, the coil being free of
variations 1n characteristics and having high reliability can be
obtained. Further, the needs for welding work and/or folding-
back are negated and, therefore, the manufacturing work can
be simplified.

Also, to achieve the first to fourth objects, there 1s a coil
forming method for forming the coil constructed by edgewise
and rectangular winding of one piece of rectangular wire rod
in a manner in which the wound rectangular wire rod 1s
stacked rectangularly and cylindrically and, at least, a first
coil element and a second coil element are aligned 1n parallel
to each other 1n a continuous state and winding directions of
the rectangular wire rod are reversed to each other and for
forming first and second coil elements from the one piece of
rectangular wire rod using a first winding head and a second
winding head mounted apart by a predetermined interval
from the first winding head, the method including;

a first rectangular wire rod feeding process of preparing a
rectangular wire rod having a length required for winding to
torm the first coil element and second coil element and feed-
ing the rectangular wire rod from the second winding head
side to the first winding head side to set the rectangular wire
rod to the first winding head and an end portion of the rect-
angular wire rod to a state of protruding from the first winding
head by a predetermined length;

a first coil element winding process of winding the rectan-
gular wire rod by using the first winding head until the num-
ber of windings of the first coil element reaches a specified
value to form the first coil element;

a second rectangular wire rod feeding process of feeding
the rectangular wire rod at an end of which the first coil
clement 1s formed again from the second winding head side to
the first winding head side;

a first co1l element forming process of setting the first coil
clement to a state of having a specified posture by bending the
entire first coil element:

a third rectangular wire rod feeding process of feeding the
rectangular wire rod further from the winding head side to the
first winding head side in order to ensure a winding portion
for the second coil element; and

a second coil element winding process of winding the
rectangular wire rod until the number of windings of the
second coil element reaches a predetermined value by using
the second winding head and calculating an offset amount by
measuring a positional relation between the second coil ele-
ment and the first coil element during the winding process and
forming the second coil element by performing offset wind-
ing based on the obtained oflset amount.

By configuring as above, the accumulation of wire rod
teeding errors occurring when each side of the second coil
clement during the winding process by offset winding can be
cancelled and, therefore, the arrangement of the first and
second coil elements can be made high accurate and the
approximately ring-like core can be reliably inserted 1n each
of the first and second coil elements. Moreover, a welding
portion to couple coil elements to one another and a folding
portion are not required and, therefore, the coil being free of
variations 1n characteristics and having high reliability can be
obtained. Further, the needs for welding work and/or folding-
back are negated and, therefore, the manufacturing work can
be simplified.

Also, 1n the second rectangular wire rod feeding process,
the rectangular wire rod 1s fed excessively by a coil interval
length 1n order to ensure an 1nterval between the coil element
and the second coil element.

By configuring as above, a predetermined coil interval
length between the first coil element and second coil element
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can be readily ensured 1n advance and, therefore, variations 1n
the coil element between the first coil element and second coil

clement can be eliminated, which can enhance the reliability
of the formed coil.

In the coil element winding process, the offset amount 1s
obtained to ensure a distance between an axis core of the first
coil element and an axis core of the second coil element as a
specified length.

By configuring as above, variations in a distance between
the axis core of the first coil element and the axis core of the
second coil element can be eliminated, whereby, for example,
the approximately ring-like core can be reliably nserted in
cach of the coil elements and thus reliability can be further
enhanced.

According to the present invention, no protrusion of the
communicating terminal and the end portion on the coupling
side of each of the windings outside from the external shape
formed by end surfaces of both the coil elements occurs and
no increase occurs i space occupied by the coil. Moreover,
the folding-back portion for coupling 1s not required, which
can prevent the protrusion of members or the like toward the
end surface side of both the coil elements and can reduce the
space occupied by the coil and, therefore, when the coil of the
present invention 1s applied to electronic components or the
like 1n which the coil 1s housed 1n a case, 1t 1s made possible
to make the case small 1n size, thus achieving the miniatur-
ization of the entire electronic component.

Further, no welding portion presents a problem in terms of
reliability and there 1s no possibility that vanations occur in

clectrical characteristics of a coi1l depending on how the coil 1s
tolded back, whereby the coil with high reliability and safety
in electrical characteristics can be formed.

Also, processes of welding between both the coil elements
and the communicating terminal and of folding-back are not
required, thereby simplifying the manufacturing work of the
coil.

Furthermore, offset winding 1s performed based on offset
amounts calculated by measuring a positional relation
between the second coil element and first coil element during
the winding process and, therefore, the accumulation of wire
rod feeding errors occurring while each side of the second coil
clement 1s formed during the winding process can be can-
celled and the arrangement of the first coil element and sec-
ond coil element can be made highly accurate. This enables,
for example, the approximately ling-like core to be reliably
inserted 1n each of the coil elements, thereby providing the
coil having high reliability and safety 1n electrical character-
1stic.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 15 a perspective view of one example of a reactor
having a coil according to an embodiment of the present
imnvention;

FIG. 2 1s an exploded perspective view of the reactor of
FIG. 1;

FIG. 3 1s a perspective view of the reactor coil to the first
embodiment of the present invention;

FI1G. 4 1s the first diagram explaining a method of forming
the reactor coil according to the first embodiment of the
present invention;

FIG. 5 1s the second diagram explaining a method of form-
ing the reactor coil according to the first embodiment of the
present invention;

FIG. 6 1s the third diagram explaining a method of forming,
the reactor coil according to the first embodiment of the
present invention;
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FIG. 7 1s a perspective view of a reactor coil according to
the second embodiment of the present invention;

FI1G. 8 1s the first diagram explaining a method of forming
the reactor coil according to the second embodiment of the
present invention;

FI1G. 9 1s the second diagram explaining a method of form-
ing the reactor coil according to the second embodiment of
the present invention; and

FI1G. 10 1s the third diagram explaining a method of form-
ing the reactor coil according to the second embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A coil of the first embodiment of the present invention 1s
described 1n detail by referring to drawings. According to the
first embodiment, the coil of the present invention 1s applied
to a coil of a reactor (hereinatter, referred to as a reactor coil).
FIG. 1 1s a perspective view ol a reactor as one example
including the reactor coil of the present invention. The reactor
10 shown 1n FIG. 1 15 used for an electrical circuit in a device
having, for example, a forcedly cooling means and 1s config-
ured so that, after a reactor coil 12 formed by winding one
rectangular wire 17 around the reactor core 9 with a bobbin
(not shown 1n FIG. 1) beimng interposed between the rectan-
gular wire 17, and the reactor coil 12 1s housed 1n a thermal
conductive case 1, a filler 8 1s poured therein so as to secure
the reactor coil 12. Also, as 1s described later by referring to
FI1G. 3, thereactor coil 12 of the first embodiment includes the
first coi1l element 121 and second coil element 122 each
formed by edgewise and rectangular winding of the rectan-
gular wire 17 1n a manner 1n which the wound rectangular
wire 17 1s stacked rectangularly and cylindrically. Moreover,
in the lead portions 121L and 122L respectively forming an
end portion of the first coil elements 121 and 122, a coating 1s
peeled off the rectangular wire 17 and a conductor of the
rectangular wire 17 1s stripped off and a pressure connection
terminal (not shown) and the like are mounted to be electri-
cally connected to other electrical components. The reactor
securing holes 13 formed at four corners of the thermal con-
ductive case 1 are used each as a screw hole to secure the
reactor coil 12 to, for example, a forcedly cooled case or the
like.

FIG. 2 1s an exploded perspective view of the reactor 10
shown 1n FIG. 1. The reactor 10 includes the thermal conduc-
tive case 1, an 1msulation/dissipation sheet 7, the reactor coil
12, the bobbin 4, and the reactor core 9. The reactor co1l 12 1s
tormed by winding the rectangular wire 17 around the bobbin
4. The bobbin 4 1s made up of a partitioning portion 4a and a
winding frame portion 46 and 1s so configured that the parti-
tioming portion 4a can be separated from the winding frame
portion 45 from the viewpoint of improvement of working,
elficiency.

Next, after the reactor coil 12 1s formed 1in the winding
portion 4b, the partitioning portion 4a 1s fitted from both ends
of the winding frame portion 45. Then, the reactor cores 9 are
inserted into the winding frame portion 45. The reactor core 9
1s made up of a plurality of blocks 3a and 35 each made of a
magnetic substance and sheet members 6 to be 1nserted as a
magnetic gap among the blocks 3b. In the embodiment, the
reactor core 9 1s made up of two pieces of blocks 3a, 6 pieces
of blocks 35 and 8 pieces of sheet members 6. Each of the
reactor cores 9 has an approximately ring-like shape and the
blocks 35 each made of the magnetic substance and the sheet
members 6, all of which form a straight-line portion, 1s
inserted into the winding frame portion 4b. The reactor core 9
have two straight-line portions and the reactor coil 12 1s
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formed 1n each of the straight-line portions with the winding
frame portion 45 being interposed therein to obtain a speci-
fied electrical characteristic. The blocks 3a made of the mag-
netic substance are connected to each of the straight-line
portions, as a result, forming the reactor core 9 having the
approximately ring-like shape. Moreover, after the blocks 35
made of the magnetic substance and the sheet members 4 are
inserted into the winding frame portion 46 of the bobbin 4, the
blocks 3a are bonded to the sheet members 6 and, therefore,
the blocks 3a are so configured as not to be separated.

By the above procedures, the reactor cores 9 and rea for
coils 12 are formed. After that, after the insulation/dissipation
sheet 7 1s placed on the bottom face of the thermal conductive
case 1, the reactor core 9 and reactor coil 12 are housed 1n the
thermal conductive case 1. Next, the filler 8 1s poured into the
thermal conductive case 1 to secure the reactor cores 9 and
reactor coil 12 1n the thermal conductive case 1. The insula-
tion/dissipation sheet 7 1s placed between the reactor coil 12
and thermal conductive case 1 to provide insulation of both.
Moreover, the msulation/dissipation sheet 7 of the embodi-
ment uses the sheet having thermal conductivity being higher
than that ol the surrounding filler 8 and, therefore, can transier
heat generated from the reactor coil 12 to the thermal con-
ductive case 1 effectively. By this, the heat generated from the
reactor coil 12 1s dissipated efficiently from the forcedly
cooled thermal conductive case 1.

As described above, the reactor coil 12 of the embodiment
includes the first coil element 121 and second coil element
122 each formed by edgewise and rectangular winding of the
rectangular wire 17 1n a manner in which the wound rectan-
gular wire 17 1s stacked rectangularly and cylindrically.
Owing to this, the first coil element 121 and second coil
clement 122 are so formed that the bottom faces are plane and
are 1n contact with the thermal conductive case 1 with the
insulation/dissipation sheet 7 iterposed therebetween and,
therefore, the reactor coil 12 1s excellent 1n a dissipation
characteristic compared with the case where coil elements are
stacked 1n layer in a cylindrical manner. Also, similarly, when
compared with the case where coil elements are stacked 1n
layer 1 a cylindrical manner, dead space 1n the thermal con-
ductive case 1 1s reduced, thus enabling the reactor coi1l 12 to
be housed 1n a case with reduced volume, which serves to
make an entire of the reactor be small in size. Further, the
reactor coil 12 of the embodiment has the first coil element
121 and second coil element 122 formed by winding the
rectangular wire 17 edgewisely (vertically) and, therefore, a
voltage among wires can be made smaller compared with the
case where the rectangular wire 17 1s wound 1n a horizontal
manner. Accordingly, even 1n the reactor coil to which a large
voltage of 1000 volts 1s applied, 1t 1s possible to ensure high
reliability.

FIG. 3 1s a perspective view showing the reactor co1l 12 of
the embodiment. As shown 1n FIG. 3, the reactor coi1l 12 of'the
embodiment 1s made up of the first coil element 121 and
second coil element 122 each formed by edgewise and rect-
angular winding of one piece of rectangular wire 17 1n a
manner in which the wound rectangular wire 17 1s stacked
rectangularly and cylindrically. The first coil element 121 and
second coil element 122 are formed so as to be 1n parallel to
cach other 1n a continuous manner and so that the winding
directions thereof are reversed to each other. The reactor coil
12 1s characterized in that, n a winding terminating end
portion 121E of the first coil element 121 formed by edgewise
and rectangular winding of the rectangular wire 17 in a man-
ner 1n which the wound rectangular wire 17 1s stacked rect-
angularly and cylindrically, the rectangular wire 17 1s bent
approximately 90 degrees 1n a direction opposite to the wind-
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ing direction of the first coil element 121 so that the rectan-
gular wire 17 1s stacked 1n a direction (shown by the arrow B
in FIG. 3) opposite to the stacking direction (shown by the
arrow A 1 FIG. 3) of the first coil element and 1s wound
edgewisely and rectangularly in a direction opposite to the
winding direction of the first coil element 121 and, as a result,
in a winding terminating end portion of the second coil ele-
ment 122, the first coil element 121 and second coil element
122 are arranged in parallel to each other 1n a continuous
manner. Here, the term “edgewise winding” denotes a wind-
ing way by which the rectangular wire 17 1s wound vertically.
Also, the term “rectangular winding” denotes a winding way
by which a coil 1s wound rectangularly, which 1s put 1n con-
tract with the term “roundly winding”. Moreover, the lead
portion 121L of the coil element 121 and the lead portion
1221 of the coil element 122 1s placed on the same side of
each of the coil elements 121 and 122 and, therefore, even
when unillustrated terminals are mounted to an edge portion
of each of the lead portion 121L and 122L, 1t 1s possible to
align the terminals.

Incidentally, the method for forming the reactor coil 12 of
the embodiment 1s described by referring to FIGS. 4, 5, and 6.
In the method for forming the reactor coil 12 of the embodi-
ment, as shown 1n FIG. 4 (a) to FIG. 6(1), the winding 1s
performed by using a winding head 100 for the first coil
clement and a winding head 200 for the second coil element.
Each of the winding heads 100 and 200 has two head mem-
bers each disposed 1n a manner to face each other with a
predetermined interval. First, as shown 1n FIG. 4 (a), a rect-
angular wire being a wire rod (hereinaftter, called a rectangu-
lar wire rod 170) 1s fed to a specified position (first process of
feeding the rectangular wire rod 170). That 1s, as the winding
to be used for the first coil element 121 and second coil
clement 122, the suiliciently long rectangular wire rod 170 1s
prepared and the rectangular wire rod 170 1s then fed from the
winding head 200 side to the winding head 100 side, that 1s, to
the direction shown by the arrow A in FIG. 4(a) to let the
rectangular wire rod 170 be drawn through the winding head
100 1n order to set the position of the rectangular wire rod 170
so that the tip 170/ of the rectangular wire rod 170 protrudes
from the winding head 100 having a predetermined length.
The rectangular wire rod 170 1s formed by covering a so-
called rectangular conductive line with a coating. Moreover,
the tip 170f of the rectangular wire rod 170, as described later,
makes up an end portion 121a of the first coil element 121.

Then, as shown 1n FIG. 4(b), winding 1s performed to form
the first coil element 121 by using the winding head 100
(winding process of the first coil element). In this case, wind-
ing 1s performed to form the first coil element 121 until the
predetermined number of windings is reached (the same for
the second coil element 122). The rectangular wire rod 170 1s
wound around the first coil element 122 toward a direction
shown by the arrow B in F1G. 4 (b). As shown in FIG. 4(b) and
later other drawings, the first coil element 121 (or second coil
clement 122) 1s formed so as to have a specified dimension 1n
a direction orthogonal to paper in the drawing (1n a lower
direction or higher direction of paper 1n the drawing).

After the formation of the first coil element 121, as shown
in FIG. 4(c), the rectangular wire rod 170 1s again fed (second
teeding process of rectangular wire rod). That 1s, the tip 170f
of the rectangular wire rod 170 1s fed to a direction shown by
the arrow C 1n FIG. 4(¢). At this time, 1n order to ensure an
interval between the first coil element 121 and second coil
clement 122, the rectangular wire rod 170 1s fed excessively
by a predetermined coil interval length T.

As shown 1n FIG. 4(d), the entire first coil element 121 1s
tormed (bent) at 90 degrees. That 1s, by forming (bending) the
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rectangular wire rod 170 at 90 degrees 1n a direction shown by
the arrow D 1n FIG. 4 (d), the first coil element 121 1s set to
take a predetermined posture. In this case, at the position
where the rectangular wire rod 170 1s protruded from the
winding head 100 by the coil interval length T, the rectangular
wire rod 170 1s bent 90 degrees by using the winding head
100. That 1s, by bending the rectangular wire rod 170 at the
position where the rectangular wire rod 170 1s shifted by the
specified coil interval length T by using the winding head 10
by 90 degrees, the entire first coil element 121 1s formed.
Then, as shown 1n FIG. 5(e), the rectangular wire rod 170

1s Turther fed (third feeding process of the rectangular wire
rod). The tip 170f of the rectangular wire rod 170 1s further fed
in a direction shown by the arrow E in FIG. 5 (e). The process
1s a big feature of the method of forming the reactor coil 12 of
the embodiment and, 1n order to ensure the length of the wire
rod required for the winding of the second coil element 122,
the rectangular wire rod 170 1s fed until the first coil element
121 and rectangular wire rod 170 are protruded from the
winding head 100 over a considerable length. Moreover,
according to the embodiment, the rectangular wire rod 170 1s
cut after the rectangular wire rod 170 1s pushed out from the
supplying source thereof by a suificient length and the end
17056 of the rectangular wire rod 170 formed by the cutting
makes up the tip wire rod 170 formed by the cutting makes up
the tip 122a of the second coil element 2.

Next, as shown 1n FIG. 5 (f), winding 1s performed to form
the second coil element 122 by using the winding head 200
(winding process of second coil element). In this case, the
winding 1s performed to form the second coil element 122
until the predetermined number of windings 1s reached (the
same for the first coil element 121). At this time point, as
shown 1n FIG. 5 (f), by forming the rectangular wire rod 170
in a direction opposite to the first coil element 121 by using
the winding head 200, the winding to form the second coil
clement 122 1s performed. That 1s, by forming (bending) the
rectangular wire rod 170 at 90 degrees 1n a direction shown by
the arrow F 1 FIG. 5(f), the winding to form the second coil
clement 122 1s started. Accordingly, the winding to form the
second coil element 122 1s performed by using a portion
existing between the winding head 200 and winding head 100
of the rectangular wire rod 170 as shown 1n FIG. 5 (f) and a
portion pushed out from the winding head 100 as shown 1n
FIG. § (e). That 1s, when the rectangular wire rod 170 1s
formed (bent) 90 degrees, the bending direction of the rect-
angular wire rod 170 1s changed (bending direction 1is
reversed 180 degrees

Thus, as shown in FIGS. 5 (e) and 5(f), after the completion
of the winding to form the first coil element 121, the rectan-
gular wire rod 170 1s fed by the length required for winding to
form the second coil element 122 and then the rectangular
wire rod 170 1s rewound 1n a reverse direction to perform the
winding to form the second coil element 122. This method of
forming the reactor coil 1s a big feature of the present embodi-
ment.

Thus, as shown 1n FIG. 5 (g), due to the winding to form the
second coil element 122, the first coil element 121 1s moved to
the winding head 200 side, that 1s, 1n a direction shown by the
arrow G 1n FIG. 5 (g). That 1s, this means that the coil ele-
ments 121 and 122 begin to come near to each other.

Further, as shown 1n FIG. 6 (%), the winding to form the
second coil element 122 proceeds and, as a result, the coil
elements 121 and 122 come nearer to each other. At this time,
as shown 1n FI1G. 6 (%), the first coil element 121 1s separated
from the winding head 100 and comes near to the second coil
clement 122 1n a direction shown by the arrow Hin FIG. 6 (/).
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Therefore, 1t 1s desirable that the reactor coil 12 has a mecha-
nism of lifting the first coil element 121 so that the first coil
clement 1s separated from the winding head 100 upward.

As shown 1n FIG. 6 (i), the winding proceeds from the state
of the second coil element 122 shown 1n FIG. 6 (%) further to
the state of the winding by a quarter round (90 degrees),
thereby completing the formation of the second coil element
122, and thus making the winding of both the coil elements
121 and 122 be completed, which finishes the formation of
the reactor coil 12. In this state where the winding has been
completed, the end portion 121a (tip 1707 of the rectangular
wire rod 170) of the first coil element and the end portion
1224 (end portion 1705 of the rectangular wire rod 170) of the
second coil element are aligned 1n an extended manner 1n the
same direction as shown 1n FIG. 6(i). Moreover, 1t 1s neces-
sary that the completed reactor coil 12 made up of both the
coil elements 121 and 122 1s separated from the winding head
200 and, therefore, 1t 1s desirous that the mechanism of lifting
both the coil elements 121 and 122 so that the coil elements
121 and 122 are removed upward 1s provided.

By using the above forming method, as shown 1n FIG. 3,
the reactor coil 12 having no rewound portion can be
obtained. That 1s, according to the method of forming the
reactor coil of the embodiment, the posture of each of com-
pleted coil elements 121 and 122 1s in the state as shown in
FIG. 3 and, therefore, the processes of welding (coupling)
both the coil elements 121 and 122 and rewinding the rect-
angular wire rod 170 can be omitted. Unlike in the case of the
conventional first example of the coil where the winding 1s
performed individually to form each of the coil elements and
both the coil elements are coupled by welding, 1n the present
embodiment, both the coil elements 121 and 122 are wound
by the rectangular wire rod 170 continuously on both sides,
whereby members and the number of man-hours for coupling,
are not required. In the conventional second example of the
coil, the members and the number of man-hours for coupling
are not required, however, 1n the case of the conventional
second example, rewinding 1s required which causes the com-
pleted coil to have a rewound portion and which requires the
process ol rewinding. According to the reactor coil and its
forming method of the present embodiment, as 1n the case of
winding (rectangular winding) of an ordinary reactor coil,
bending by approximately 90 degrees 1s simply required and
the completed coil has no rewound portion, thereby making
the rewinding process unnecessary. That1s, the term “rewind-
ing” denotes warping the rectangular wire rod, as a whole,
about 180 degrees as 1n the conventional second case, while
the term “bending” denotes warping the rectangular wire rod
about 90 degrees as in the case of winding (rectangular wind-
ing) of an ordinary reactor coil. In other words, 1n the con-
ventional second example of the coil, the coupling portion of
the rectangular wire rod lying between both the coil elements
connected to each other 1s folded in half along the width
direction orthogonal to the longitudinal direction of the rect-
angular wire rod, however, according to the present embodi-
ment, the rectangular wire rod 170 1s bent about 90 degrees in
a shifting portion from the first coil element 121 to the second
coil element 122 1n a direction opposite to the winding direc-
tion of the first coil element. That 1s, the shifting portion of the
rectangular wire rod 170 from the first coil element 121 to the
second coil element 122 1s bent about 90 degrees along a
thickness direction of the rectangular wire rod 170.

Thus, the reactor coil and the method for forming the
reactor coil of the present embodiment 1s characterized by the
way ol coupling between both the coil elements 121 and 122.
In the conventional first example of the coil, 1t 1s necessary
that the member and area such as the communicating terminal
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and welding portion not serving as the winding portion of the
coil are provided which are used only for coupling between
both the coil elements. Also, in the second conventional
example of the coil, 1t 1s necessary that an area for rewinding
1s provided which 1s used only for coupling between both the
coil elements not serving as the winding portion. Unlike the
first and second conventional examples, according to the
reactor and method for forming the coil of the present
embodiment, as shown 1n FIG. 3, the winding portion of the
first co1l element 121 1s bent, as 1t 1s, 90 degrees to be coupled
to the winding portion of the second coil element 122 and,
therefore, there 1s no need of preparing any member or area to
be used only for coupling, which can provide an epoch-
making wasteless structure for the coil. In other words, all
portions of the rectangular wire rod 170 except the bending
portion serve as part of the first coil element 121 or part of the
second coil element 122 (as part functioning as a coil to
generate inductance).

As described above, the coil and method of forming the coil
of the embodiment and the present invention is characterized
in that the coupling between both the coil elements 1s made
possible only by directly bending the rectangular wire rod
170 without using needless portions such the terminal for
welding or folding-back portion for coupling. Therefore,
unlike the first conventional example, the end portion on the
coupling side including the communicating terminal does not
protrude from the external shape formed by end surfaces of
both the coil elements to the outside, which does not cause an
increase 1n space occupied by the coil. Further, unlike the
conventional second example of the coil, no folding-back
portion for coupling 1s required and, therefore, as 1s apparent
from F1G. 3, there are no members or the like that protrude on
the end surfaces of both the coil elements. As a result, space
occupied by the coil 1s reduced, by the folding-back portion,
when compared with the case of the conventional second
example of the coil and, therefore, when the coil 1s housed 1n
the case of the above-described thermal conductive case, 1n
particular, the case can be made small in si1ze and the reactor
can be minmiaturized as a whole.

Moreover, unlike the conventional first example of the coil,
in the present embodiment, no problem arises in reliability of
the welding portion. Unlike the conventional second example
of the coil, there 1s no possibility that variations occur 1n
clectric characteristics depending on how the coil 1s folded
back. Accordingly, the coil having high reliability and stable
electric characteristics can be formed. Moreover, there are
large advantages in that processes of welding between both
the coil elements and communicating terminal of folding-
back the coil are not required, whereby simplifying the manu-
facturing work.

Next, the reactor coil of the second embodiment of the
present invention 1s described 1n detail by referring to draw-
ings. FI1G. 7 1s a perspective view of the reactor coil 12 of the
second embodiment of the present invention. As shown 1n
FI1G. 7, as 1n the case of the first embodiment, the reactor coil
ol the second embodiment includes the first coil element 121
and second coil element 122 each formed by edgewise and
rectangular winding using one piece of rectangular wire rod
170 1n a manner in which the wound rectangular wire rod 170
1s stacked rectangularly and cylindrically. The first coil ele-
ment 121 and second coil element 122 are formed so as to be
in parallel to each other in a continuous manner and so that the
winding directions thereof are reversed to each other. The
reactor coil 12 1s characterized in that, at a winding terminat-
ing end point 121E of the first coil element 121 formed by
edgewise and rectangular winding using the rectangular wire
rod 170 1n a manner 1n which the wound rectangular wire rod
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170 1s stacked rectangularly and cylindrically, the rectangular
wire rod 170 1s bent approximately 90 degrees 1n a direction
opposite to the winding direction of the first coil element 121
so that the rectangular wire rod 170 1s stacked 1n a direction
(shown by the arrow A 1n FIG. 7) opposite to the stacking
direction (shown by the arrow B 1n FIG. 7) of the first coil
clement and 1s wound edgewisely and rectangularly 1n a
direction opposite to the winding direction of the first coil
clement 121 and, as a result, at a winding terminating end
point of the second coil element 122, the first coil element 121
and second coil element 122 are arranged 1n parallel to each
other 1n a continuous manner.

Thus, the reactor coil 12 of the second embodiment is a
two-gang connected coil formed by feeding, 1n advance, after
the termination of the rectangular winding to form the first
coil element 121, the rectangular wire rod 170 having a length
required to perform winding to form the second coil element
122 and by winding to form the second coil element 122
rectangularly using the wire rod on the side where the first coil
element 121 does not exist. As a result, there 1s a fear that the
accumulation of wire rod feeding errors occurring when each
side 1s formed during the process of rectangular winding to
form the second coil element 122 appears as a variation 1n
distance between the axis core of the first coil element 121
and the axis core of the second coil element 122. As described
above, two straight-line portions making up the ring-like
reactor core 9 are inserted into the first coil element 121 and
second coil element 122 and, therefore, high dimensional
accuracy 1s required in the distance between the axis core of
the first coil element 121 and the axis core of the second coil
clement 122. According to the second embodiment, 1n order
to cancel the accumulation of the wire rod feeding errors,
offset winding 1s performed on an offset portion 123, as an
excessive length portion, on the second coil element 122
existing near to the coupling portion between the first coil
clement 121 and second coil element 122.

Since the accumulation of wire rod feeding errors occur-
ring when each side 1s formed during the process of winding,
to form the second coil element 122 can be cancelled by the
offset winding, 1t 1s made possible to arrange the first coil
clement 121 and second coil elements 122 highly accurately
and the two straight-portions making up the approximately
ring-like reactor core 9 can be reliably inserted 1nto each of
the first and second coil elements 121 and 122. Further, weld-
ing to couple the coil elements 121 and 122 to each other and
folding-back to align the first and second coil elements 121
and 122 in parallel to each other are not required and, there-
fore, the coil having no variations 1n characteristics and pro-
viding high reliability can be obtained. Moreover, the weld-
ing work and/or folding-back work are not required, thereby
simplitying the manufacturing processes.

FIGS. 8,9, and 10 are diagrams showing the method for
forming the reactor coil 12. In the method of forming the
reactor coil 12, as shown 1n FIG. 8 (a) to FIG. 10 (i), winding,
1s performed by using the winding head 100 to form the first
coil element 121 and the winding head 200 to form the second
coil element 122. Each of the winding heads 100 and 200
includes two pulley-like head members disposed 1n a manner
to face each other with a specified interval.

First, as shown 1n FIG. 8 (a), the rectangular wire rod 170
serving as a wire rod 1s fed up to a predetermined position
(first process of feeding the rectangular wire rod). That 1s, as
the winding to form the first coil element 121 and second coil
clement 122, the suiliciently long rectangular wire rod 170 1s
prepared and the rectangular wire rod 170 1s then fed from the
winding head 200 side to the winding head 100 side, that 1s, to
the direction shown by the arrow A in FIG. 8(a) to let the
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rectangular wire rod 170 be drawn through the winding head
100 1n order to set the position of the rectangular wire rod 170
so that the tip 1707 of the rectangular wire rod 170 protrudes
from the winding head 100 having a predetermined length.
The rectangular wire rod 170 1s formed by covering a so-
called rectangular conductive line with a coating. Moreover,
the tip 170f of the rectangular wire rod 170, as described later,
makes up an end portion 121a of the first coil element 121.

Then, as shown 1n FI1G. 8(d), winding 1s performed to form
the first coil element 121 by using the winding head 100
(winding process of the first coil element). In this case, wind-
ing 1s performed continuously to form the first coil element
121 until the predetermined number of windings 1s reached.
The rectangular wire rod 170 1s wound around the first coil
clement 122 toward a direction shown by the arrow B 1n FIG.
8 () to form the first coil element 121. As shown 1n FIG. 8(5)
and later other drawings, the first coil element 121 1s formed
s0 as to have a specified dimension 1n a direction orthogonal
to paper 1n the drawing (1n a lower direction or higher direc-
tion of the paper 1n the drawing).

After the formation of the first coil element 121, as shown
in FIG. 8(c), the rectangular wire rod 170 1s again fed (second
teeding process of rectangular wire rod). That 1s, the tip 170f
of the rectangular wire rod 170 1s fed to a direction shown by
the arrow C 1n FIG. 8(¢). At this time, 1n order to ensure an
interval between the first coil element 121 and second coil
clement 122, the rectangular wire rod 170 1s fed excessively
by a predetermined coil interval length T shown 1n FIG. 8 (d)
described later.

As shown in FIG. 8(d), the entire first coil element 121 1s
formed (bent) 90 degrees. That 1s, by forming (bending) the
rectangular wire rod 170 by 90 degrees 1n a direction shown
by the arrow D 1n FIG. 8 (d), the first coil element 121 1s set
so as to take a predetermined posture. In this case, at the
position where the rectangular wire rod 170 1s protruded from
the winding head 100 by the coil interval length T, the rect-
angular wire rod 170 1s bent 90 degrees by using the winding
head 100. That 1s, by bending the rectangular wire rod 170 at
the position where the rectangular wire rod 170 1s shifted by
the specified coil interval length T by using the winding head
100 by 90 degrees, the entire first coil element 121 1s formed.

Then, as shown 1n FIG. 9(e), the rectangular wire rod 170
1s Turther fed (third feeding process of the rectangular wire
rod). The tip 170f of the rectangular wire rod 170 1s further fed
in a direction shown by the arrow E 1n FIG. 9 (e). The process
1s a big feature of the method of forming the reactor coil 12 of
the embodiment and, 1n order to ensure the length of the wire
rod required for the winding to form the second coil element
122, the rectangular wire rod 170 1s fed until the first coil
clement 121 and rectangular wire rod 170 are protruded from
the winding head 100 over a considerable length. Moreover,
according to the embodiment, the rectangular wire rod 170 1s
cut after the rectangular wire rod 170 1s pushed out from 1ts
supplying source by a suificient length and the end 17056 of the
rectangular wire rod 170 formed by the cutting process makes
up the tip wire rod 170 formed by the cutting makes up the tip
122a of the second coil element 122.

Next, as shown 1n FI1G. 9 (f), winding 1s performed to form
the second coil element 122 by using the winding head 200
(winding process to form the second coil element). At this
time point, as shown 1n FIG. 9 (f), by winding the rectangular
wire rod 170 1n a direction opposite to the first coil element
121 using the winding head 200, the winding is performed to
form the second coil element 122. That 1s, by winding the
rectangular wire rod 170 1n a direction shown by the arrow F
in FIG. 9 (f), the winding to form the second coil element 122
1s started. Accordingly, the winding to form the second coil
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clement 122 1s performed by using a portion existing between
the winding head 200 and winding head 100 of the rectangu-
lar wire rod 170 as shown 1 FI1G. 9 (f) and a portion pushed
out from the winding head 100 as shown 1n FIG. 9 (e).

Thus, as shown 1n FIGS. 9 (e) and 9(f), after the completion
of the winding to form the first coil element 121, the rectan-
gular wire rod 170 1s fed by the length required for winding to
form the second coil element 122 and then the rectangular
wire rod 170 1s rewound 1n a reverse direction to perform the
winding to form the second coil element 122. This method of
forming the reactor coil 1s a big feature of the present embodi-
ment. Thus, as shown in FI1G. 9 (g), due to the winding to form
the second coil element 122, the first coil element 121 1s
moved to the winding head 200 side, that 1s, 1n a direction
shown by the arrow G 1n FIG. 9 (g). This means that the coil
clements 121 and 122 begin to come near to each other.

Then, as shown 1n FIG. 10(/), when the winding to form the
second coil element proceeds and the first coil element 121
and second coil element 122 come further near to each other,
for example, when the winding 1s put into a state of being 2
turns (two times winding) before the completion of the wind-
ing, the distance between the first and second coil elements
121 and 122 1s measured by a sensor and the measured data 1s
stored 1n memory of the control section. The distance
between both the coil elements 121 and 122 may be a defin-
able distance between both the coil elements 121 and 122
shown 1n FIG. 10 (%) including, for example, the distance L1
between a center of a side 121/ of the first coil element 121
and a center of a s1ide 122/ of the second coil element 122 both
facing each other, a distance between the axis core of the first
coil element 121 and the axis core of the second coil element
122, or the like. Moreover, as the sensor to be used 1n the
above measurement, any sensor may be used so long as 1t can
measure a distance including an existing sensor, for example,
an optical sensor, mechanical sensor or the like and, further,
the measured value may be 1mnput into the control section of a
winding machine or the like after visual measuring.

Then, an offset amount F 1s computed based on the mea-
sured distance between both the coil elements 121 and 122 so
that the distance LL between the axis core W1 of the first coil
clement 121 and the axis core W2 of the second coil element
122 of the reactor coil 12 having 1ts final configuration shown
in FIG. 10 (i) becomes a predetermined length to feed the
rectangular wire rod 170 in the wire rod feeding amount
obtained by adding the computed offset amount to an ordi-
nary wire rod feeding amount. Thus, by setting the distance
LL between the axis core W1 of the first coil element 121 and
axis core W2 of the second coil element 122 to have a prede-
termined length, the insertion of the two straight-line portions
of the approximately ring-like reactor core 9 therein 1s made
possible. The winding to form the second coil element 122 1s
continued until its state shown 1n FI1G. 10 (%) 1s changed to 1ts
state shown 1n FIG. 10 (f) resulting from further a quarter
round (90 degrees) winding. The offl:

set amount F can be
calculated from the equation (1):

F=(L1-a)/2+(b+7) (1)

where “LL1” denotes a distance between a center of a side 121/
ol the first coil element 121 and a center of a side 122/ of the
second coil element 122 both facing each other, which are
stored 1in the memory of the control section of the winding
machine, “a” denotes a length (distance between centers of
the rectangular wire rod 170) of a side 121/ of the first coil
clement 121 stored, in advance, 1n the memory of the control
section of the winding machjne “b” denotes a width of the
rectangular wire rod 170, and “r” denotes a diameter of the

winding head 200. Moreover, as shown in F1G. 10 (/2), the first
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coil element 121 1s separated from the winding head 100 and
comes near up to the second coil element 122 1n a direction
shown by the arrow H 1n FIG. 10 (/). Therefore, 1t 1s desirous
that a mechanism 1s provided which lifts the first coil element
121 so that the first coil element 121 1s separated from the
winding head 100 upward.

Then, as shown 1n FIG. 10 (i), by feeding the rectangular
wire rod 170 1n an ordinary wire rod feeding amount and
performing winding to form the second coil element 122 until
its state shown in FIG. 10 (i) 1s changed to the state shown 1n
FIG. 10 (j) resulting from further a quarter round (90 degrees)
winding, the formation of the second coil element 122 1s
completed and winding to form both the coil elements 121
and 122 1s completed, thus resulting in the formation of the
reactor coil 12 of the embodiment. the offset winding 1s
performed on an offset portion 123, as an excessive length
portion, on the second coil element 122 side existing near to
the coupling portion between the first coil element 121 and
second coil element 122 and, therefore, the accumulation of
the wire rod feeding errors can be cancelled. Moreover, 1n
terms of the accumulation of the wire rod feeding errors,
though the best effects can be expected 1n the offset portion on
the second coil element 122 side existing near the coupling
portion between the first coil element 121 and second coil
clement 122, the portion 1n which the offset winding 1s per-
formed 1s not limited to the above and any portion may be
selected to form the first coil element 121 or the second coil
clement 122.

Further, 1n the state where the winding has been completed,
the end portion 121a (tip 1707 of the rectangular wire rod 170)
of the first coil element 121 and the end portion 122a (end
1706 of the rectangular wire rod 170) of the second coil
clement 122 are aligned in an extended manner 1n the same
direction as shown 1n FIG. 10(i). The separation of the reactor
coil 12 made up of both the coil elements 121 and 122 from
the winding head 220 1s required and, therefore, it 1s desirous
that a mechanism to separate both the coil elements 121 and
122 from the winding head 200 upward 1s provided.

According to the above forming method, as shown 1n FIG.
7, the reactor coil 12 can be obtained which has cancelled the
accumulation of the wire rod feeding errors and has no
tolded-back portion. That 1s, in the method for forming the
reactor coil 12 of the embodiment, the posture of each of the
formed coil elements 121 and 122 1s 1n the state shown 1n FIG.
7 and, therefore, two straight-line portions of the approxi-
mately ring-shaped reactor core 9 can be mserted into the coil
clements 121 and 122, whereby allowing the process of weld-
ing (coupling) both the coil elements 121 and 122 and fold-
ing-back process to be omitted.

Thus, the forming method 1s characterized by the way of
coupling which enables the high accurate arrangement of
both the coil elements 121 and 122. In the conventional first
example of the coil, the member or area only for the coupling
which does not serve as the winding portion of coils such as
the communicating terminal and/or welding portion are
required. Also, 1n the conventional second example of the
coil, the area only for the coupling which does not serve as the
winding of the coil such as the folding-back portion 1s
required. Unlike the conventional examples, in the reactor
coil and method of forming the reactor coil of the embodi-
ment, as shown 1n FIG. 7, the winding portion of the first coil
clement 121 1s bent, as it 1s, 90 degrees to be coupled to the
winding portion of the second coil element 122 and, there-
fore, there 1s no need of preparing any member or area to be
used only for coupling, which can provide an epoch-making
wasteless structure for the coil. In other words, all portions of
the rectangular wire rod 170 except the bending portion serve
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as part of the first coil element 121 or part of the second coil
clement 122 (as part functioning as a coil to generate induc-
tance).

It 1s apparent that the present invention 1s not limited to the
above embodiments but may be changed and modified with- 5
out departing from the scope and spirit of the mvention.

The present invention can be widely applied not only to a
coil of a reactor but also to coils of other electronic compo-
nents such as a transformer and the like so long as the coil 1s
formed, at least, by performing winding using the rectangular 10
wire rod edgewisely and rectangularly to form coil elements
in a manner in which the wound rectangular wire rod 1s
stacked and the coil elements are aligned 1n parallel to each
other and the winding directions of the coil elements are
reversed to each other. 15

EXPLANATION OF LETTERS OR NUMERALS

1: Thermal conductive case; 4: Bobbin; 7: Insulation/dis-
sipation sheet; 8: Filler; 10: Reactor; 12: Reactor coil; 20
13: Reactor securing hole; 17: Rectangular wire; 121L,
122L.: Lead portion; 121: First coil element; 122: Sec-
ond coil element; 123: Offset portion; 100: Winding
head; 200: Winding head; 170: Rectangular wire rod

The mvention claimed 1s: 25

1. A coil forming method for forming said coil constructed
by edgewise and rectangular winding of one piece of rectan-
gular wire rod in a manner 1n which the wound rectangular
wire rod 1s stacked rectangularly and cylindrically and, at
least, a first co1l element and a second coil element are aligned 30
in parallel to each other 1n a continuous state and winding
directions of said rectangular wire rod are reversed to each
other, and for forming first and second coil elements from one
piece of rectangular wire rod using a first winding head and a
second winding head mounted apart by a predetermined 35
interval from said first winding head, said method compris-
ng:

a first feeding process comprising providing a rectangular
wire rod having a length required for winding to form
said first coil element and second coil element and feed- 40
ing said rectangular wire rod from said second winding
head side to said first winding head side to set said
rectangular wire rod to said first winding head and to set
an end portion of said rectangular wire rod to a state of
protruding from said first winding head by a predeter- 45
mined length;

a {irst winding process comprising winding said rectangu-
lar wire rod by using said first winding head until the
number of windings of said first coil element reaches a
specified value to form said first coil element; 50

a second feeding process comprising feeding said rectan-
gular wire rod at an end of which the first coil element 1s
formed again from said second winding head side to said
first winding head side;

a first forming process comprising setting said first coil 55
clement to a state of having a specified posture by bend-
ing said rectangular wire rod to rotate the entire first coil
clement approximately 90 degrees;

a third feeding process comprising feeding said rectangular
wire rod from said second winding head side further to 60
said first winding head to ensure a winding portion for
saild second coil element; and

a second winding process comprising winding said rectan-
gular wire rod by using said second winding head until
the number of windings of said second coil element 65
reaches a specified value to form said second coil ele-
ment.
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2. The co1l forming method according to claim 1, wherein,
in said second feeding process, said rectangular wire rod 1s
ted excessively by a coil interval length in order to ensure an
interval between said first coil element and said second coil
clement.

3. The coil forming method according to claim 2, wherein
said third feeding process comprises a process of cutting said
rectangular wire rod to push said rectangular wire rod out by
a predetermined length for cutting so that an end of said
rectangular wire rod formed by the cutting makes up an end
portion of said second coil element.

4. The coil forming method according to claim 1, wherein
said third feeding process comprises a process of cutting said
rectangular wire rod to push said rectangular wire rod out by
a predetermined length for cutting so that an end of said
rectangular wire rod formed by the cutting makes up an end
portion of said second coil element.

5. A coi1l forming method for forming said coil constructed
by edgewise and rectangular winding of one piece of rectan-
gular wire rod 1n a manner in which the wound rectangular
wire rod 1s stacked rectangularly and cylindrically and, at
least, a first co1l element and a second coil element are aligned
in parallel to each other 1n a continuous state and winding
directions of said one piece of rectangular wire rod are
reversed to each other and for forming first and second coil
clements from said one piece of rectangular wire rod using a
first winding head and a second winding head mounted apart
by a predetermined interval from said first winding head, said
method comprising:

a first feeding process comprising preparing said one piece
of rectangular wire rod having a length required for
winding to form said first coil element and second coil
clement and feeding said one piece of rectangular wire
rod from said second winding head side to said first
winding head side to set said one piece of rectangular
wire rod to said first winding head and an end portion of
said one piece of rectangular wire rod to a state of pro-
truding from said first winding head by a predetermined
length;

a first winding process comprising winding said one piece
of rectangular wire rod by using said first winding head
until the number of windings of said first coil element
reaches a specified value to form said first coil element;

a second feeding process comprising feeding said one

piece of rectangular wire rod at an end of which the first
coil element 1s formed again from said second winding
head side to said first winding head side;

a first forming process comprising setting said first coil
clement to a state of having a specified posture by bend-
ing the entire first coil element;

a third feeding process comprising feeding said one piece
of rectangular wire rod further from said winding head
side to said first winding head side i order to ensure a
winding portion for said second coil element; and

a second winding process comprising winding said one
piece of rectangular wire rod until the number of wind-
ings of said second coil element reaches a predetermined
value by using said second winding head and calculating
an olfset amount by measuring a positional relation
between said second coil element and said first coil
clement during the winding process and forming said
second coil element by performing offset winding based
on the obtained offset amount.

6. The coil forming method according to claim 5, wherein,

in said second feeding process, said one piece of rectangular
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wire rod 1s fed excessively by a coil interval length 1in order to
ensure an interval between said coil element and said second
coil element.

7. The coil forming method according to claim 6, wherein,
in said second winding process, said oflset amount 1is
obtained to ensure a distance between an axis core of said first
coil element and an axis core of said second coil element as a
specified length.

20

8. The coil forming method according to claim 5, wherein,
in said second winding process, said offset amount 1is
obtained to ensure a distance between an axis core of said first

coi1l element and an axis core of said second coil element as a
specified length.
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